The color stability and aging characteristics of commercial plastic veneering materials were studied in vitro by an accelerated aging method.
Introduction.
Physical and mechanical properties of plastics for veneering of cast gold restorations have been reported.1-3 Typical crown and bridge plastics have been formulated from methyl methacrylate or triethylene glycol dimethacrylate monomer and poly (methyl methacrylate) polymer, and have had low inorganic content (less than 2%).3
Recently, a composite resin with 24.6% inorganic filler3 was introduced as a veneering material.
An important property of a plastic veneering material is color stability.1,2 An in vitro method of evaluation of color stability by accelerated aging has been utilized for restorative resins.4,5 Dennison et al.6 have shown that changes in color observed clinically in a 24-month in vivo study of class 4 composite restorations correlated well with these in vitro data. Accelerated aging of composites has also resulted in surface degradation of samples and may be a useful model for evaluation of chemical durability or aging of resins.7 The purpose of this research was to evaluate the color stability and aging characteristics of commercial plastic veneering materials in vitro by an accelerated aging method.
Materials and methods.
The color and aging characteristics of five commercial plastic veneering materials were evaluated under conditions of accelerated aging. The code, shade, batch numbers, and manufacturer of each material studied are listed in Table 1 .
Three disks (36 mm diameter and 1.3 mm thickness) for evaluation of color and five samples (about 20 x 20 mm square and 1 mm thick) for evaluation of aging characteristics were prepared for each material by polymerization in appropriate dies according to manufacturers' instructions. After preparation, the samples were stored in an oven at 37°C for 24 h. The color samples were evaluated for color at baseline. The aging samples were dried to a constant weight over freshly regenerated silica gel in a desiccator. The balance* was accurate to 0.1 mg. All samples were exposed to conditions of accelerated aging for a total of 900 h in a weathering chambert at 43°C and 90% relative humidity. One surface of each sample was subjected continuously to the radiation of a 2500 watt ultraviolet (uv) light source filtered by borosilicate glass and to an intermittent water spray for 18 min every two h. The intensity of the uv radiation was measured with a uv meter § to be about 11.2 mWatts/cm2 at the specimen position.
Curves of percent reflectance versus wavelength (X) were obtained for each color sample between 405 and 700 nm with a double-beam, ultraviolet-visible spectrophotometer' and integrating sphere. ¶ Lumin-ous reflectance (Y), dominant wavelength (DW), and excitation purity (EP) were obtained for each sample backed by both a black** and a white standard.tt8 An estimate of the opacity of each material was obtained by calculation of the contrast ratio (CR), Yblack standard/Ywhite standard-9 Color evaluations were made before weathering (baseline) and after exposure of 300, 600, and 900 h.
After 900 h, the aging samples were again dried to constant weight. The change in weight caused by aging was calculated and used to determine volume loss. Density was determined on one new sample of each material by a water displacement technique. The exposed surface area (mm2) of a sample was measured to be 520 for BL, 530 for BT, 540 for IS, 500 for PP, and 480 for TJ. Surface morphology of the materials was observed after 900 h of aging by scanning electron microscopy.# The spectrophotometric parameters (Y, DW, EP, and CR) and aging parameters were studied by analysis of variancel0 to determine the effects of aging. Scheffe 
Results.
Mean values and standard deviations of luminous reflectance (Y), dominant wavelength (DW), excitation purity (EP), and contrast ratio (CR) are listed in Table 2 for the plastic veneering materials at baseline. Changes in these parameters at each evaluation period are listed there also. These changes were computed by subtracting the value of the parameter at 300, 600, and 900 h from the baseline value. Values Values of dominant wavelength (DW) decreased for BL, BT, and PP, increased for IS, but did not change significantly for TJ between zero and 300 h of aging. Further aging caused changes in DW for BL, BT, and PP, but not for IS or TJ.
Values of excitation purity (EP) decreased for IS and TJ, but did not change significantly for BL and BT between zero and 300 h of aging. Further aging resulted in increases in EP for BL and BT, but no significant changes in IS or TJ compared to EP at 300 h. The values of excitation purity tChange equals the value at the specific times minus the value at baseline.
of PP at 300, 600, and 900 h were not significantly different from those at baseline.
Values of the contrast ratio increased for BT, IS, and TJ, but did not change significantly for BL or PP after 300 h of aging. Further aging resulted in decreased values of CR for BL, BT, and PP and increased values of CR for IS compared to baseline. Further aging of TJ resulted in values of EP that were greater than those at baseline, but less than the 300-hour values.
Parameters describing the aging of the plastic veneering materials are listed in Table  3 . Weight loss after 900 h of aging ranged from 0.15 mg/gm2 for BL to 0.66 mg/cm2 for BT. Volume loss was determined from the data of weight loss, density, and surface area. It ranged from 1.3 x 10-3 mm3/mm2 for BL to 5.6 x 10-3 mm3/mm2 for BT.
Values of the Scheffe interval at the 95% level of confidence were 0.14 mg/cm2 and 1.2 x 10-3 mm3/mm2, respectively. A scanning electron photomicrograph of the surface of IS after 900 h of aging is shown in the Fig. The surfaces of the other materials before and after aging, as well as IS before aging, were without distinctive morphology.
Discussion.
The baseline colors of the plastic veneering materials fall within the ranges of luminous reflectance, dominant wavelength, and excitation purity observed for typical shades of 13 composite restorative materials as shown in Table 4 .5,12 Values of the contrast ratio of the veneering materials, however, tend to be higher than those of the composites. This increased opacity of the veneering materials may serve to mask the less desirable color of the metal substructure of the crown and bridge restoration. The effect of thickness of the veneering material on color and opacity should be studied further.
Changes in the spectrophotometric parameters of color of the plastic veneering materials were observed as a result of accelerated aging. Material IS showed changes comparable with those observed for microfilled composites,5 whereas the other facing materials showed many fewer changes.
Research on color of denture resins has demonstrated that changes in spectrophotometric parameters of 1.1 units in The plastic veneering materials lost weight as a result of aging for 900 h. With the exception of BT, the ranges of weight loss and volume loss were more similar to those ranges observed for microfilled composites than for those of conventional composites or a sealant as shown in Table 3 . The Jl solubility of restorative resins in water for 14 d has been reported to range from less than 0.01 to 0.19 mg/cm2 for composites and 0.23 mg/cm2 for an unfilled acrylic.14 Although the plastic veneering materials were exposed directly to water spray for only 5.6 d during aging for 900 h, their weight loss is comparable to or greater than the sc'ubility of an unfilled acrylic. The weight loss associated with the veneering materials as a result of in vitro aging apparently is more complex than solubility and may involve chemical degradation.
Conclusions.
The color stability and aging characteristics of commercial plastic veneering materials were studied in vitro by an accelerated aging method. Values of luminous reflectance, dominant wavelength, and excitation purity at baseline were similar to values reported for composite restorative materials. The veneering materials were more opaque than composites. After aging for 900 h, small changes in color were observed instrumentally, but were difficult to detect visually. Weight loss of some of the veneering materials after aging was greater than that anticipated from solubility in water alone.
